Bonding has been an important process in the fabrication of microfluidic devices. It allows packaging of complex three-dimensional microcomponents. Recently, adhesive bonding has drawn certain attention. The main advantages include low bonding temperature, low sensitivity to surface roughness, compatibility with the existing fabrication processes and ability to join various substrate materials.
techniques need elevated temperature and pressure in certain equipments, or need fabricated SU-8 layers on both top and bottom substrates to be bonded by crosslinking reaction. It requires more complex and time-consuming processes. In the present study, we propose a new method to fabricate a sealed microchannel differs from previous works in the specific material of surfactant-added SU-8 (hydrophilic SU-8).
Method
We use the hydrophilic SU-8 photoresist which is a mixture of photodefinable epoxy SU-8 and trisiloxane alkoxylate surfactant (Silwet * 618, GE)([(CH 3 ) 3 The cured hydrophilic SU-8 microstructure was formed by standard photolithographic process and it enabled direct bonding with another substrate (with or without another cured hydrophilic SU-8 layer) after oxygen plasma treatment. The characteristic of the hydrophilic SU-8 was verified by using Raman spectroscopy analysis and contact angle measurement. In addition, a series of bonding tests to confirm the bonding ability. The bonding quality can be evaluation by scanning electron microscopy (SEM), tensile strength measurements and hydrodynamic tests.
Results
Hydrophilic SU-8 mixture is the key materials in the present study, and its features need to be further characterized. Therefore, we first conducted the Raman spectroscopy test. From the comparison of Raman tests, we supposed that the oxyethylene groups (-OCH 2 CH 2 -) of migrating surfactants provide better hydrophilicity in a surfactant-added SU-8 film. Upon oxygen plasma treatment, the surfactant molecules were cleaved on the surface layer and the methyl groups (-CH 3 ) of the surfactant might have been displaced by hydroxyl groups (-OH) which further enhanced the hydrophilicity of the surface. We suggested that the hydrophilicity and bonding ability were attributed to both oxyethylene groups and hydroxyl groups. Second, we have measured the contact angle on the glass coated with pure base SU-8 layer (0%) and with surfactantadded SU-8 layer (10% without and with oxygen treatment), the results are shown in Figure 2 . The water droplet spreads slowly on the pure SU-8 layer, yet quickly on the surfactant-added SU-8 layer. The results indicate that we have changed the hydrophilicity of SU-8 by adding certain surfactant (hydrophilic SU-8). To further study the performance which can be expected of this bonding method, we have conducted several bonding tests, i.e., the effect of the surfactant concentration, the structure thickness and various hydrophilic SU-8 materials, the results are listed in Table 1 . 2D configuration of one layer SU-8-25 (10%) with 40 m thickness (test no. 2) was selected as the baseline case. From tests nos 1-3 and Figure 3 , it is seen that the hydrophilic SU-8 we employed possessed bonding ability and could define structure satisfactorily (the concentration of surfactant should be less than 30%). From test nos 4-5, it can be seen that various structure thickness and adhesive material provide satisfactory bonding quality. From the results of tests nos 6-8 and Figure 4 , the hydrophilic SU-8 bonding technique also has good compatibility in the integration with other substrates (glass, Si, PDMS). By utilizing multiple layers of cured hydrophilic SU-8, we were able to bond two patterned substrates to create 3D channel structure (test no. 9). The strength of the bonding was about 2-14 kg cm -2 which is adequate for microfluidic operation. The hydrodynamic tests demonstrated that the bonding could tightly seal the microstructure. 
Conclusions
A novel bonding technique using hydrophilic SU-8 as the adhesive layer and the structural material has been proposed and demonstrated in this study. The hydrophilicity, the feasibility to define structures, the ability to bond and the compatibility with other substrates were verified experimentally. The results lead to a preliminary conclusion that the modification of SU-8 by surfactant can yield satisfactory characteristic in bonding and other applications. The technique offers a simple, fast, inexpensive method and requires no electric field, high temperature and high pressure or others for the bonding.
